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Blomass 



INTRODUCTION 

The subject of blomas^ as- an alternate sourcfCof energy 

IS Very new. All of our Information was fpund In current 

Science mag£f2lnes and . governmerxt publications from, which we 

have paraphrased, a great deal. ' ^ • " 

* 

However, my partner and I after hearing about blomass 
in an Energy Workshop «.t TSU,, thought It wa's a fasclnatlnq 
subject--.It did something to our imagination! It was easy 
"and pleasant to Imagine how the future might be with less 
air, water, and land pollutlon-by burning less" fossil fuels. 
And to add to. that, the hauling of trash and garbage to a 
t htfrmo-chem i ca 1 plant Instead ofl a landfill, to produce 'energ y . 
It all sounds Mice an answer tc^aVl ot of ouY environmental 
^problems. So we felt obllgated^to pursye further In hopes that 
biomass, an alternate source of energy, will become an 
important pll L»" of studies about energy resource. 

• I <. " 
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.,,BIOMASS: AN ALTERNATIVE SOURCE, OF ENERGY 

♦ V 

\ * • o . ^ 

y ■ 

In'the yejar two thousand and fifty, fossil fu^ls'wlll be 

■ s 

very scarce'. Other or alternate energy sources will be Important. 

Perhaps by then scLentfsts 1 1 have perfected the use of 
an alternate sour'ce of energy called blomass. * ' 

Biomass Is a form of\so|lar energy. It Is stored In a 
wide variety of plant and aijilmal organic matter. The process 



in the creation of blomass 
U9es sunlight to coirV^ert ca 



is photosynthesis. Ph<i tosynt hes I s 
irbon dioxide, and water into higher 
/ energy products such as carjbohydrates and Oxygen. Forest 
materials and residues/ grains, crops, ^animal manures and 
aquatic plants are the main resources. 

BaslcaHy, there are jtwo/ kinds of processes by which 
blomass tan be converted tio energy: t hermo-chem I ca 1 conversion 
and b iolog icalf convers loni The first uses heat to produce % * 

[ ' ^ . r ■ 

a chemical r eact l on , H I kei t he burning of wood^ Other thermo- 



-chemical techniques i nc 1 ud ga s 1 f 1 ca 1 1 on which releases bio- 

• ■ I ' ' - 

energy , by heating waste lirf a l imited amount of oxygen, and ^ 

pyroly'sls, which breaks dx>wn blomass with heat, but without 

oxygen and at a lower temperature th^n Is required for gasification/ 

Biological conversion Is a chemical reaction caused by 

treating blomass with enzymes , fung i or m Icroorgan I sms . Two ^* 

. processes which produce either liquid or solid fuels Include 

a na e rob i c^ d i g es t I on , the controlled decay of organic material 



in the absence of, oxygen, a nd •f ermenta t l on^ by which carbo--^ 



/ 
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hydrates are fermented and distttled to produce ethyl alcoh-ot 
( et hano 1 )• tthanol mixed with gasoline produces gasohoK 
. B 1 oma ss^Is agVeat source of energy because In some 
form or another, every bod y has some. The production of .energy 
froffi bloTnass does not pollute the air, water, or Mnd, The 
residue can easily be disposed of as a f er 1 1 1 I zer , ♦an Ima 1 food, 
or "filler** for roadbeds. Or If It has to be carried to a 
landfill,^It will occupy a verjy-small space and will be sterile 
causing no^ contam I nat^Ion . ^ ' * \ 

So let me tell you how blomass could possibly be Used In 
the year two thousand and fifty, " . . • . ' , 

In large cities trucks labeled ••Blomass'' w I 1 P be p Ick I ng ; 
up municipal waste--t r^ash and garbage from res Idences and 
industry, to carry to a t hermo -c hem I ca 1 conversion plant. 
The burning of this trash will prgduce oil, charcoal, synthetic 
gAs and steam. The steam Is uSed to produce electricity or to 
heat nearby buildings. . ^ " . ^ 

Smaller towns and/or counties where the population is not 
so dense, have grouped together to dispose of their *waste by' 
taking I t to a centrally located t hermo^phem I ca 1 plant. 

In some of the more rural areas we may find energy farms. 

Farmers growing grains, sugar beets, sugar cane,' soybeans or a 

•* \ ■ 

crop of Sycamore or eucalyptus trees to be pr.ocessed to make 
et ha nol . ^ ^ » 

Or the farmer may be energy sel f -suf f Ic I ent by using 
animal manure in a process called a^naeroblc digestion to produce 
methane gas. 



/ 

Oo the vast stretches of arfd- lands In Arizona, New Mexico, 
and Nevada, the desert Is blooming with gopher plants (Euphorbia 
•lathyrls). The, federal government Is growing one hundred * 
million acres of gopher plants. The same plant the California 
gardener used to call obnoxious. I n-.t he m I dd^ e of this area 
is a refinery produc'l-ng crMde oIU. 

Around, Walt Disney World, near Orlando, Florida, water' 
hyacinths may be gro^I^g In Mie sewage reservoir* ^ The hyacinths 
not only purify the water but.can be ha rves t ed 'a nd' mixed with 
bacteria to produce methane. 

Also on the West poast giant kelp could be grown in oceanic 
farms several miles off shore. After^the kelp Is harvested it 
,i s processed in rpuch the same way as the water hyacinths. 

In Canada there may be acres, and acres of salt water tanks 
wher e^m i croijes work inVtandem to make oil out of atmospheric 
carbon dioxide. One square mile of tanks full of "^salt water^and 

bacteria could produce twelve million barrels of oil a year* 

» I* 

By far the most ambitious blomass programs were planned by 
Brazil, Red China, and Sweden. ^ 
^ .Brazil may have several large d I s 1 11 1 er I es ,JLo produce 
alcohol from cassava, wood, and su^ar cane gro^n on energy 
farms or plantations. , ' , 

4 ^ 

Red China has a program pf providing small scale unlts^on 
Individual farms for producing methane. The methane produced 
is used at the farmstead. \ ^ 
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Swed«n may bo prod'uclng more than $ Ixty' percent of Its 
energy f rN?m t>iomass. Forty-five percent of this- Is from energy 
farms willow tree's. Only six to seven percent of the tQt«l 
land of Sweden Is devoted to the willow pluntatlom, 

.^Back.home In the United S ta t es t he mo s t Important' b Ioma$5 
f-Uel is alcoho1.--ethanol anil metKano-l . The use of fflco^ol.as ' 
a motor fuel dates back to the*l880's when *some of the fjrst 
Qars ran entirely on alcohol. 

And that Is what they use In the cars at Indianapolis 500.' 
The primary goal of the Department of Energy CD.O.E.) and 
Bioi.idss Energy Systems (B.E.S.) has been to supplement fossil 
fuel resouVces through the growth, harvest, and use of p-l^n^ 
and, animal rescues. ..The national program for blbmass rVsearc-li 

and development-, directed' by BES has further advanced the appll- 

» » 
cation of technologies. The large resource potential of 

agricultural and forest residues and other organic;- waste should 
er>courage the comme r c,I a 1 f za 1 1 on o'f blomass technologies to 
Pj^ontinue. 

Biomass Is r ead i ly .ava I 1 ab I e In many wa^te materials and 
the* supply- coulci^be grea 1 1 y I ncreased by proper management and 
the use of such techniques as ener£|,y farms. 

However^ there is an argument against ''plant for energy", ' ^ 

farming in that the land mig^it be needed - 



■ \ 



\ 
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It does. Dot seem necessary fbr energy |^rms to be located 
in the middle of Amer I ca ' s ^read ' basket There are arid and/or 
unf>roduc t i V|e lands, that ^^^B|H^p ' ant ed^, f or biomass, and not 
compete with tood f a rjn I ng,, 

-Little is known abtji^t the long-term effects of targe scale 
s i ng 1 e crop l^arm i ng as i t m-ig.bt / b^ ^done in energy farming 
One-crop f a r m i ng - m 1 g h t^ enc'burage ep i»^em i cs- of disease or insects 
For the present, b 1 oct>n ver s i on of agricultural crops remain 

an interesting and exc I t i ng ' a"1 t e r na te for fpssil fuels. Biomass. 

i • .... 

1 not only a clean -^nd safe fuel source, bwt also a renewable 
and literally inexhaustible one/ 

As educators we can help students as future citizens 
he aware of the advantages and disadvantages of jilomass as a 
source ef energy. Who knovys--one of them might be the one to 
research, legislate, farm, or perhaps even use biomass as an 
ternate source of energy in the year two thousand and fifty! 

7 , - . 



a 



BIBLlQGRAltHY 



"Benef'irs of Wood «Blomass Make Cil 1 1 I va t i o-n Essejit I a 1" by 
Paul Heilman. Forest Scientist, sh I ng to a Un i ve r s ? t y , 
Puya 1 1 up , , WA. Weeds, Trees and Turf . Feb r u a r y . 1 98 I . * 

- : I > ^ 

The Division of Forestry sent me' some- ma ter I a 1 upon 
reque»st. There Is 1n-depth dtscusslon of various ways 
of using trees as a so'urce of energy. 

* % 

Biomass E ne r h y . ' DO E/ CS 02 02 . November , 1 98O . UU. Dept. of 
Energy Technical I n f or ma t i on Ce n t e r , Box 62. OaV Ridqe. TN 
37830. ^ ^ . « » 3. » 

This is the pamph 1 et sugg es ted to be used by students as 
a study she^t..Jt is brief, but cover s. b I oma s f rom 
historytofutureoutlooic.' 



''Energy: Farmer s : Growing Tomorrow's Fuel'* by Pe ter Og n i hene . 
Science Digest , August, 1 98 1 , pages 98-100^ 

This is a very exciting story about all of the possible ^ * 
sources of oil from plants- M e 1 v i n Ca 1 v f n J s America's 
foremost advocate of. energy farms. 



Energy F r om B i o 1 og i ca 1 Processes . Office of Technology 
Assessment, Washington, DC 2 051 0. • 

This sutmmary presents the findings of an assessment of 

the energy potential of biomass. It was requested by 

the Senate Committee on Cbjimerce, ScJience and Transportation. 

Fact s Abou t ^Gasohll . Solar Energy Research Institute, 1617 
Cole BAulevard, Golden CQ 80'»01. 

« 

This is questions and answers about gasohol produced from 
biomass. There are quest I ons-'about product ion , cost , 
regulations, automobile use, and extent of use today. 

Supplementary Energy Sources . American Petroleum Institute, 
2'01 L. Street, Wbrthwe^, Washington, DC 20037. 

A very readable source ,toncerning the efforts of companies to 
find new energy sources. This would cut the Importing of so 
m u c h o i 1 , ^ 



VSy^thet.lc Fuel s and Renewable Energy'^ Two Energy Futures ;' 
A ytional Choice for the Elghtteg r. American Petroleum 
Ini^titute, 2101 Cy^reet, Northwest, Wash I ng ton * DC 20037 

7 ■ ■: ■ ■ ■ ■ ^ ' 

B lomass 1 . January, 1 98 1 , by Oak Ridge Associated Unlver- 
sltlesTP.O. Box 117, Olik Ridge, TN 37830, under Contract 
/Wo.^ DE-ACOS~760R00033. ' - . . 

this is a packet containing several hands-on activities * 
related to blomass st-udles. The ^ct Iv 1 tes, are simple,* 
directions are'c|ear, and mat/crlais are 1 n^jxpens i ve.. 



Film Solar Energy: The Great Adventure . 1 6mtn , color, 
27 "I'in., 1979, No. 53'!, by United States Dept. of Energy. 
Film Library. P.O. Box fi? n^l^ Rlv4r,« tw -i-jQir, 



I 6mtn , color., 
--^t. 

DOE Film Library, P.O. Bo;^ 62, Oak Ridge, TN 37830. 

A lively and unique look at American "grassroots" Ingenuit-y. 
In the next century we will be turning to renewable 
?Z86/1287^ energy, tddie Albert n»rrates (6J5) 576-1285/ 






10 



The best time to teach this lesson would be In the sprl^ 

after you have taug htf about seed germination. You will be abl 
to use ava I lab le seed 1 I ngs In experiments on day 5, 

Jf you do notV^an tc^ teach th I s af ter ^ lesson In seed 



germination, yoii will need to pTant seeds 3 to U weeks bef/re 
this lesson to have available seedlings for day 5. 
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Day I --ObJ ect lyes 



Ma ter f a 1 s : 



Met hod s 



^Act i V f ty 



Students wMl: (|) realize the need for 
alternative energy resources.' 
,(2) learn about the major primary energy 
sou rces . " ' ' 

(3)- become famll lar with the history. jaf 
• energy •' 

vocabulary word list, world ^nap with . 
Tennessee ou 1 1 I ned 'w I th magic marker, 
map pins, f I v.e lengths of different color 
yarns ,~ energy "^t Ime- Mne worksheet, 
specify 5 types . of energy. » 



1 



:e . If 
: s a r ( 



students* 
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Teacher asks questions to see 
k^ow where our energy sources 
located,. 

Usfe world map to s how* g eog r a ph I c^ 1 
location of sources. 

Place yrfrn from primary energy sources 
td your home town. Examples: uranlum-- 
Australla, natural gas--Texas^ o M - - 
Saudi Arabia, coa 1 Ken tucky . 
Discuss energy t Ime 1 I ne, wor Rsh'I'et . 
Establish the need for conserving and 
finding new sources of energy. 
Suggest blomass as an alternative to 
our energy supply. _ ' , 



After teacher's discussion, 
line, have students compel et 




energy t Ime- 
he worksheets. 



V 
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mm mm <^ i 

^ - Finish the Energy Tii^eline 



mrSo 




1783 

Two f I 



i77» . 

In England James Watt put6 
two engines to work in fac- 
tories & starts ^n energy revo- 
lution. The energy is j9^^:^t22y 



Two mem flyjn a . 
t)alloon at 



The epergy used is 




Most people burn wqghI for 
heating anfl coaklng and 
travel by horse or on foot 




Activity Master 1 



ItOO 

In Italy, 



In- 



vents the battery and giv^ 
his name to the volt. Tlie 
energy produced is^ 



»cut< 




1807 



1804 ^ 

AaJEhglishmaii Richard 
^yuyy-cttLL^ put^ James .Watt s 

engine on wheels and raila He is 
the father of the railroad locomotive. 



Robert Fulton 
(jbesn't build the 
very first /:i^t.<^^rrxJ^<rtU. 

but he makqs th^ 
one people first pay 
to ride on. 




Wood cdntlnues to supply most 
household energy needs* But jboal be- 
gins to^ more In factories and rail* 
road enQlnes. 



1821 

First attempt to 
develop and mar- 
ket natural gas 
near Fredonia* 



»cut< 



1828 An American named 



OSSL 



o 

ERIC 



andan ^qnghng i 
each invents aj||p 



namec 



Who is firat? 
The energy producedA^ 




18S9 

Edwin Drake strikes 
oihin Pennsylvania 
beginnina the 



Deginning ine 
industry* 
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1837 American^ put new inventions to 
work. First comes McCormiclc's 
/tt^^fi^ then the steam 

shovei by and 

the telegraph by 





1880 

Lenoir of prance invents 
the 



combustion engine* 



»cut< 




^cut< 



Railroade'ekAand rapidly, hauUng 
freight and passengirrswave 
enough ^o stand the loMs and to risk 
hjDl cinders th^t often fly from the 
anglne Into their oars^ England Is ^ 
first end America second In rail- 
road locomotive production. 

— tf^a 



Ah explosion Inside a cylinder paves 
the way for the later Invention of the 
automobile. An o)l strike hsstens.the 
dlecovery of the fuel that will run It 
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Activity MaBUif 2 



Coal and wood still furnish 
most of ths sni^rgy In tiomos. 
CoaMlrsd "Iron horsos" (rail^ 
roads)— sad raal horsss—- 
contlnus to tafca most poopio 
places. Altheuflli thtuf lacUlc 
bulb has baan Invantad most 
P«opla still use karQsana or' 
g««Jightstofaadby^ 




1»03 

The engine in the 
Wright brothers' plane 
is powered by 




1929 

Robert 

Goddard tests 



1952 

Bell scientists 
raise hope for 
our energy fu- 
ture with the 

Oattery. 



18S4 

In England, Charles 
Parsons p^ec;? the 
steam . 



and advances the de- 
velopment of electrical 
energy. 




builds the 1st success- 
ful automobile. 



11^92 

Ttie oil-burning 

^Eventually, tty^s 
engine will rlplace 
steam«powered ones. 



cut 




1695 

The power of 
Niagara Fall is 
harnessed to 
make -e^«c^ 





1905 Albert Einstein 
develops a theory 
for measuring 
energy and pree ' 
pares the way for 
the ^^-^^Ty^i^v^ 

age. 




• cut 



^1910 

Ford makesjha first 
Modal T 

car. 



By tlpf^and of this paHod. many 
na«f.honias hava coal furnaces 
In tha baaamanL And mora and 
mora cars appaar In garag^t. 




1930 



1940 




Hoover Dam on the 
Cotorado River is 
built to generate 



a 




power. 

'••••CUt- 



fiber made from oil, 
coat, and water 
makes its first public 
appearance. 




1942 

In Chicago, 
Enrico Fermi 
sets off yie first 

chain reaction. 



Many tfomas convert from 
coal to natural gaa for 
heating. Most famlllaa 
own at least one car and 
soma hava two. 




19S7 

The, U.S. gets 
its first big 

electric power 
plant at Ship- 
pingport. Pa, 

cut 



Oaman^i for anavgy grow. 
Amarici gata mora poopla, 
mora hofnas, mora factorlaa 
Md bualnoaaas, mord^rs, 
mora trucfca, mora buaaa, 
mora plani^a. Demand growa 
faster th'fen^aupply. 



1970 

Congress 
passes the 



Air Act 




^973 

OPEC 
natiorip 

oil and pro* 
duce an energy 
crisis. 




1989 Americans 
contiriue to 
look for ways to 

~ — 

the energy w» 
have and find 
new 

86urces.> 



KEEP GOING 




1. Get a large map of the world. 

2. Locate your town with a map pin 6t flag. 

3. Outline Tennessee with a magic marker. 

4. i:earn the sources of various fuels such as crude oil from Saudi 
Arabia, coal from Pennsylvania, natural gks from T«xas, uranium 
from Australia etc. Make a color code iuch as 'black foF^^ 
ted for oil, blue for natural gas. green for vioo^tc.V^K^^ij 

. Connect the source of the fuel to ypur town with a length of^ ^ 
colored yarA to demonstlBate the distance the source must travel 
for your use.. IL/ . ^ 

Are the countries from which we get our fuel supplies our allies? 
Are they dependent on us in any way? How much of our fuel suoirties 
come from these sources? ' , >uppi*es 

♦ 

See if you can devise methods to release the energy. Which gives 
the most heat? Guess which is most efficient. . 



UNDERLINED WRDS are, in your glossary. 



AVAILABLE 



MATERIALS 



METHOD 




For other activities in chemical energy, use Coupon #8 



Pencils, slips of paper, sack or small b,ox. 



1. Let each student pick an energy subject, such as conservation, 
sol^r power, wind, etc., and write it on a slip of paper. 

2. Put all p?ipers into the sack or box and shake. 

3. Call on students to take a slip from the "grab bag" and talk 
for one minute on the subject. 

I 

Be sure to have a timekeeper. 

At the end, judge the best speaker from among those \iho talked 
the full minute. 

An award might be in order.: • 



''r!l'/:!|f:l;j<# For other energv- awareness games and simulations, u$e Coup-^n'^ 
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B i oma s s 



fri omass Vocabu 1 ar y Wotdllst 

' - ■ S V 

AlcohoI--a colorless, volatile, flammable liquid, 
formula CoHrOH. 

. V . ■ ' 

B I o I og f ca 1 conver s Ion- --a chemical reaction caused by treating 
blomass with enzymes, fungi, or microorganisms, - 

Blomass---any material derl ved /t^om Mvtng organisms. 
Including everything from majture to trees to algae. ' - 

Deforestat ion-- to cltear a forest of trees* * 

EGOsystem--a system formed by the Interaction of-a community 
of organisms with their environment* 

Energy--the capacity to do work; available power. 

Eroslon--the process In which the surface of th.e earth )s 
worn away by the action of water, glaciers, wind,- waves, etc., 

Ethane-ra colorless, ordorless, flamm'able gas. 

Feed stock--raw material supplied to a machine or processing 

plant (as.pulpwood to paper mill), ^ 

f 

Ga soho 1 1 I qu I d fuel made up of 90% gasoline and 10% alcohol, 

Maaure--an Ima 1 waste, that can be used as a fertilizer for soli 

MTethane--a light hydrocarbon; an Inflammable natural gas; 
forms explc^slve mixtures with air. 

I crobe^s- -organ I sms that cannot be seen without the use of 
magnifying lenses. — ^ 

Oxgan I c--ma ter'i a 1 s obtained from Ux/lng things. ^ : , 
Orga n^ sm- -any living thing. ^ 

Photosyn t hes I s- - the process by which green plants convert 
radian^t energy (sunlight) Into chemical energy. 

Renewab 1 e--capabl e of ma k I n.g' aga I n ; restore state of being. 
Rep 1 en I shed , 

Sol ar ener'gy-- source of energy from the sun. 
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y 2--0bJectrve: Students will i " . " . / 

«m «K I' ""r ".y 

*s of 

Fi^m. Srass, sunflower s.eeds,.ytc. 

I. Give students> 10 oilnutes to extend 

energy time Une to the'year Jo2? ' 
(encourage creativity) ^ 



Mater la I s 



Methods 



Ask questions aboat blomass. 



vd; What Is blomass? 

d iLVTrVl" •■«"«-abre resource? 
3., Show f nl ar%'"""'- of>lomass? 

Adventure''. Energy: The Great 

^. Discuss film. ' i 
5. Present samples of .blomass. ' ' 

Activity: Have students rdentlfv th. 

' ' bow they"^ ;^^^%„%»'"P'"°f "lo^as 

energy. - ^ usea to produce 



i 
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Day 3--(^bJect I ve: 



Mate 



Mtsthods 



i 



Students win obtain detailed Information on 
the history of blomass. They wM^'^see how* 
blomas.s Is produced, used, and can be used 
.In the futjure. , 

Worksheet on blomass- Blomass Energy . 



2. 
•3. 

h, 

5. 

6. 

7. 



Review vocabulary words-.used In previous 
lessons. 

Have students name blomass resources. 
Distribute article and worksheet on 
blomass energy. * 
Give students time to read S'llently and 
answer on worksheet 'the first ten questions. 
Discuss the first ten questions on work- 
sheet. ' - 

Assign the last ten questions for homework. 
Have /students. put article and worksheets 
away . • - . 

Prepare class for outdoor actlylty. 
(a) lden^:lfy 'ari?a where you and your 
students can collect local weeds. 
(Clear with principal first.) 
Discuss the need for safety with tools. 
Divide class Into groups. 
Discuss procedure for collecting 
specimen. 

Discuss measuring techniques. 

Ask agriculture teacher to provide 
class tool s. 



(b) 
(c) 
(d) 

(e) 

Note 



1 
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BfOMASS ENERGY 



/ 




ConMfvatkKi and Solar 
0«p«dm«nt ol Enargy 
WMMnQton, O.C 20585 




y ' 



of M ftmltftil can b* oMf>«4 from: 
\ 

U.S. 0«p««tmMH af ttm^tt 
OahR»dg*^m)7f30 



Biomass is a form of solar energy 
^red In a wide variety of plant and 
animal organic matter< The key 
process In the creation of biomass, 
photosynthesis, uses sunlight to 
convert carlx>n dioxide and water 
into higher energy products such 
as carbohydrates and oxygen. 
Forest materials and i^esidues, 
grains, cropp, animal manures, and 
aquatic plants are the principal 
resources pf biomass. Thes||B raw 
, materials can be transformed into 

. liquid or gaseous fuels and petro- 
chemical substitutes, as well as 
heat, electricity, and steam. Bio- 
mass products have numerous in-' 

' idu^al applications and residential 

/uses. The primar^^ objective o/ the 
Department of Energy (DOE) Bio- " 
mass Energy Systems (BES) Divi- 

* ^ sion is to supplement fossil fuel re* 
sources through the ijrowth, 
harvest, and use of plant and animal 
residues. ^ 

Blomaifo ha^flmporfaij^nergy 
supply/potehtial because of its 
extensivA and.ji^ell*located re- 
sources in the United States, the 
potential of cor^version techholo- 

tand the a^/ajtabil^ty ^^^atrong 
/ * i 



I 



commercial market. Bk)ma«to is « 
alreadyjxoviding approximately 
two percent o^ our energy needs, 
primarily by the direct^ombustkMi 
of wood. The forest products, and 
pulp and paper industries are ms^ 
biomass consumers. They are 
working toward 1 00 percent ener- 
gy selfsufficiency in the near future 
by using manufacturing and forest 
residues4or production processes. 

Annual biomass productk>n goals 
for the year 2000 are atXHJt 7 
quads of energy. One quad, or . 
' quadrillion Btu's, is equivalent to 

approximate 494*^^^^^^^^'^ 
oil per dayfer one year, or enoug|h 
energy to heat 500,000 homes for 
20 years. 



History 



■ \ 



Biomass is the oldest ^urce of ^ 
energy known. For thousands of 
years, |)eople have burned wood 
for both heat and protection. Until 

• the mid 1 9th century, yyood ac- - 
counted for about 90 percent of 
the energy supply ip the United 
States. In 1 940, 20 percent of 
U.S. homes still used wood for 

^ space heating. 

Althou(|t\ fossil fuels replaced 
wood as the prime energy source 
in the 20th century, interest in 
"^biomass never completely faded^ ' y 
During the IWOsi several /^'^ 
Amar^an studies investigated the^ 



OOE/CS4}202 
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feasibility of converting grain tp 
ethyl >alcohol as a gasoline 
substitute. During WorW War II, 
many natlonp worked to develop 
the fuel potential of trees; Sweden, 
for example, cultiyated large forest 
areas speciffcaRy for energy con* 
sumption agd research. Today, 
private industry and government In , 
the United States have renewed ^ 
interest in biomass by researching 
conversion methods and encourag- 
>ng fhe applicalion of Available 
techiiologiea, ^ 

Resources 4 

Because bi6masa la 50 to 90 
^ percent watei'l the most cost- 
effective way io utilize the organic 
matteris at or'near its sobrce . If i 
converted inljo liquidgftr gases, 
however, it ci|n be transported ^ 
easily and ecohomically . Because 
biomass is available in wooded 
areas, on fartn land. And in water, 
::onversion sites are locaib^ 
throughout the country. 

Wood, df course, is a major 
biomas^source. It serves as a 
fuel in the fomi of logs or residues. 
Residues consist ojf excess forest 
growth. insect-infeSted and df^- 
* eased trees, and mill remains. To 
improve wood fuel production, 
researchers are developing new 
tree varjeties such as hybrid ^ 
poplars which grow rapidly and ai^ 
totally consumdbl^. Silvichemicals 
such as turpoDtine and resin, and 
carbon *|^ased compounds made 
from lignin and cellulose are other 
energy-related wood derivatives. 
These materials serve as4eed« 
stocks for the production of a 
variety of chemicals such as alco- 
hol, aldehydes, ketones, ethylene, 
acids, and ammonia which can be 
used as petrochemical substitutes. 




f^otosynth0Si3 f080Mfch with hybrid popiMrs in Rhin^tandBr, Wi 



J 



Non-woody plants such as herbs 
, and grasses have a potential as 
cost-etfective energy feedstocks. 
These q{ants||pve a high yield 
capacity and carl grow in arid or 
marginal land with minimal mariage- 
ment. 

* 

Crops are another p6pular bio-^ 
mass resource. Sugar beets. sOgar 

A cane, sweet sbrghum, and grains 
^ such as com and wheat are 
processed for their carbohydrate 

* content to make'ethanol (ethyl 
alcohol). Cellulosic materials found 
In hertDaceous crops such as co/n 
and r^^e are converted by liquefac- 
tion to fuel oil. Alcohol development 
is receiving special emphasis under 
the new DOE Office of Alcohol 
Fuels. y 



Animal manure is an excellent 
source of methane gas which can 
be manufactured by a process call 
ed anaerobic digestion, ThflJffjel 
supplies farmers wittlhe energy 
necessary tad^ow crops and raise 
livestock. It can be viewed as com- 
pleting a biomass energy cycjei 

whosp goal is energy self -suffi- 
ciency on farms. ' ^ 



Kelp and algae are aquatic 
sources of biomass. Through a 
process called biophotolysis, fiiue- 
green algae produces hydrogen as 
a waste product. Kelp produces 
hydrogen gas through photoelec- 
trolysis. a photochemical process 
whicf;i uses a catalysHa^eparate 
hydrojibn and oxygjm . 



r 
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Conversion 
- Techniques 

Thermochemical 

^ The direct combustion of wood 
is the most common biomass con- 
version method. The number of 
wood-burning stoves in homes has 
ificreased dramatically in the past 
few years, indicating a resurgence 
in the popularity of wood asti 
V residontiaJ'heating fuel. It is estl- 
mBted. for example, that 40 per- 
cent of the homes in Maine use 
wood stoves. Wood can also sup- 
plement oil. natural gas, or soJar - 
energy heating systems. Nation- 
wide^pproximately five million 
American homes already have a 
working wood stove, and the prac- 
tical potential exists for another 1 3 
to 1 8 million homes. 

) 

Dirpct combustion of biomasB 
residues has industrial applications 
,for the production of process heat 
^ or electricity. Currently, direct bum^ 
ing is economically competitive 
' with fossil fuels for some indus- 
• tries, especially those^having easy 
access to biomass resource§J\ 
sugar company in Hawaii meets 75 
percent of its mill and in^igatioill 
pump electricity needs from the > 
burning of bagasse, sugar cane 
residue. 

Utility plants in Vermont and 
Oregon also produce electricity 
froHT^directcombustfon. Two 10 
MW units in Buriington, Venmont 
are 1 00 percent wood burning. 
They serve 40,000 people and 
sell an additional 1 5 percent of 
their output to surrounding utili- 
ties. In Eugene, Oregon,.a 33.8 
MW utility plant has been produc- 
ing steam and electric power since 
the 1 930s by burning mill wastes 



Supplied by local sawmills. In addl- 
tlon-to prbving very economical, 
this plant reduces air pollution and 
helps solve wood residue waste 
disposal problems. ^ 

Other direct combustion efforts 
include brick and textile industries 
in the South which bum sawdust * 
and wood, respectively, to provide 
process heat. DOE is working with 
industry to evaluate wood con- 
verston processes and to retrofit 
large conventionally-fueled 
process heat boilers for direct fir- 
ing of greeji wood. 

Gasificatton dnd liquefaction are 
two technotogies which convertt 
biomass into gas or liquid fuels.l 
Gasification is the reaction of bios 
mass with steam and oxygen at 



high temperature and pressure. 
The products include synthetic 
natural gas (methane), low and 
medium Btu gas, and hydrogen. 
DOE sponsors five process devel- 
opment urVts which perform 
catalytic and non-catalytic gasiff- 
cation processes. The units are 
located in Texas, Ohio, New York, 
Washington, and Missouri. 

A large scale, experimental lique- 
faction facility in Albapy, Oregon* 
uses wood chips to produce oil. 
Biomass reacts with cartJon 
monoxide in the presence of an 
alkaline catalyst under moderate 
temperature and high pressure. 
The resulting oil product has a 
consistency similar to heavy 
heating dil and a heating value 
( 1 5.000 Btu/lb.) similar to bunker 

) 




rif •Kptfknmittl blotnaii UquefactHm tKlHty *» Albany, OR 
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fuel oil. The Albany facility haa 
proven that licfUef action is an 
energy effi6to>it process which 
produces non-polluting water, • 
flue gases, and ash. 

Pyrolysis is a Ihennocheniical 
conversion process which tunc- ^ 
tions without oxygen and at a 
lower temperature than gasifica- 
tion. Residue materials are gasi- 
fied, ignited, and completely burn- 
ed in a thermal reactor to produce 
gases The biomass resources 
used \n pyrolyais include manure, 
agriculturarand wood wastes, and 
municipal solid wastes. Oil. char- 
coal, and synthetic ga^ as well as 
steam are the products. 

Biochemical 

Anaerobic digestion is the con- 
troJIed decomposition of organic 
matter. In the absence of oxygen, 
bacteria decays the material, pro- 
ducing methane. The feasibility of 
using animal manure in this 
process is being tested at a full- 
scale facility in Bartow, Florida. 
Located in the state's largest 
slaughtering and packing plant, this 
facility can handl6 2 5 tons of 
manure daily. By processing the 
wastes from 1 0,000 cattle, the 
operation can produce enough 
methane to meet neariy all of the 
packing plant's energy needs, the 
equivalent of 35 barrels of oil per. 
day. A by-product of this process, . 
protein-rich digester solids, will be 
concentrated to serve as a dietary 
Supplement for 6.000 cattle. 
Anaerobic digestion also plays a 
large role in the production of 
energy from aquatic plants. 

In addition to liquid and gaseous 
fuels, biochemical and thermo- 
chemical conversion systems pro- 




Th0 a#TMroMc d^BStkyn fncHity in Bartow, FL 



duce petrochemical substitutes 
such as aldehydes, ketones, 
ethylene, acids, and ammonia. 
These chemii:al compounds are 
used in a wide variety of manu- 
facturing processes. 



Markets 



' Certain biomass conversion 
technologies, most notably direct 
combustion, anaerobk; digestion, 
andgasification. are sufficiently 
advanced for near- term energy 
development. Direct combustion of 
wood is providing energy to the 
residential, industrial^ and utility 
sectors" Anaerobic digestion of 
manure and agricultural wastes on 
farms is the first step in the at- 
tempt to make farmers energy self- 
sufficient. Low BTU gasifiers using 
wood as a feedstock are already in 
use by industry. 

The national program for biomass 
research and devetopment. direct- 
ed by BES, will further advance 
the applications of these tecjh- 
nologies. The large resource po- 
tential of agricultural ar>d forest 
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residues and otffer organic wastes 
should encourage the commercial- 
ization of biomass technologies. 

Future Outlook 

The BES Program is rapidly 
reaching its goal of providing a 
reliable alternative energy source. 
Although most near-term accom- 
plishments havePGorae in the areas 
of liquefaction, gWlfication and 
direct combustion, eariy advances 
are expected in anaerobic diges- 
tion, biophotolysis, and photoelec- 
" trolysis. 

Energy farms are being used in 
herbaceous and silviculture 
research to grow terrestrial and 
aquatic plants throughout the 
country. Research management is 
performed at the 1 000 acre silvi- 
culture test plantation established 
in Aiken, South Carolina, to investi- 
gate the forestry concept of short 
rotation. Consistent accomplish- 
ments in the developmiant of all • 
biomass technologies are expect- 
ed to meet biomass goals for the 
year 2000. 

September 1 980 
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Read thyfe article Biomass Energy and answer the following 
questions e<>i;rectly. / - . 



-f ■ 

1. Define Blomass and Photosynthesis. ^ ^ 

2. For tho'usands of years wood was the maln source of energy. 
Name t hje energy source that replaced wood In the*2pth_^ 
century. * ' ^ " 

. ] 

3. Which country cul t Ivated large forest areas specifically 
for"" energy consumption and research? - - 



k. Why is it mosfc effective to use blomass near Its sdurc^? 

\ . 

o 

5/ What is being done to ijTiprove wood fuel production? 

6. Make a list of crops that can be used to make ethanol? 

♦ 

7. Can-anlmal manure be used to produce energy? Explain. 

V 

8. Name two aquatic sources of biomass* 

9. Name some chemicals produced from feedstock? 

^. 

10^ What is the objective of the research In blomass done by 
the Department of Energy? 

12. Give an example of direct combustion used In industry. 

13. Approx imatej y how many homes In America use wood stoves? 

\k . Name two states that produce electricity from direct 
^combustion. 'and 
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Write the d.f.niuon forygaslflca'tlon. ■ 
"r'te the defm.tlonlV H quef | c4 t r on . 
Write the definition /or .pryolysls. 

Write the deh-„itl„n for anaerobic digestion. ' ' 

c-::^r:an:rr^ra^T^h^^^?::-,„^:r' - 

en';rg%''cle°::jo'p:en7r^'°'' "-^--o^les that-are^a 
Uu^Js^OOe!''''"""' °' Sovern^ent represented by the 
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-Ob j ect I ve : 



Materials 



Methx)ds 



Students will draw a conclusion about blomass 
source of energy pro^Tuced from weed. 

meter stacks (one for each group\, area of ^ 
weed, hoes., shovels, bags, balance scale, 
activity sheet (bibliography 8), 5 lb. (metal) 
coffee* can, thermometer 590 Ml. beaker, ' 
asbestos wire. ; 



I 

2 
3 



5. 
6, 



Review preparations for outdoor activity 

discussed In pr ev lous 1 eSson . 

Measure one square meter. 

Collect weeds from one square meter of 

lush growth of local weed. 

Wash off the soil, dry with paper towel', 

and wel^h. 

Dry the pliants until they are crisp 
(about one week) , then. weigh again. 
Burn dried blomass In can. Show the > 
Increase of temperature In V/ater at 
least 5° C. 



Ac t I v I ty 



*Note--lf sunlight Is not a va I 1 a b 1 e , dry the, 
plants by placing th«m In a warm oven or 
under a lamp. 

Calculate the weight change from the green 
to dried plant?. Calculate thewelght of 
one acre of weed. Discuss r ema>l n I ng que st I oas 
on "Blomass Energy" activity sheet. 
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HOW MUCH BIOMASS IS PRODUCED 
BY1 SQUARE METER OF 
AXOCAL WEED? 



MATERIALS: 

An area with a lush growth of a local weed 
(kudzu, Johnson grass, honeysuckle, 
thistle, hyacinth, etc.) ^ 

Hbes; shovels; bags; balance scale; meter stick 
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Collect weeds (tops and roots) 
from one square meter of 
lush growth of a local 
weed. 

Wash off the soil, dry them 
with a paper towel, and weigh. 



biomass of 
wild plant crop 



Dry the plants unjtil they are crisp, then weigh again. 




Summary questions: 

Would the amount of 
weeds in your area 
be useful in solving 
the energy crisis? 

What normally, is done 
with the weeds in your 
area? What are new 
use& of weeds grown ^ 
in Jiuir area?' 
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Try this experiment using one square meter of 
cultivated growth like clover, 
barley, or grass. 

How do the weed 
and cultivated 
growth compare? 



How much biomass could 
be produced in an acre 
of weeds? In an acre of 
cultivated crops? 






J' . 



Try cultivating the weed. 
Does it grow 
better with additional 
fertilizer and water? 

Try growing the weed 
with a,hydroponic 
jsolution. (See Activity 4.) 



What is the Difference between a weed ^ 
and a cultivated crop? 

Which plants, md or cultivated, do you think 
might survive bfest under unfavorable conditions 
like lackof rain,\poor soil, or disease? 




IT 
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\ ^^QuOStion ^How much blomass Is 
produced by 1 squ^e ineter of a weed? ^ 



•^Process Skills 

Measuring and making Inferences. 



Time About one fiour, depending on 
distance to weed patch. Twenty minutlsis for final 
' discussion. Flve-day^ctivlty.<, 




niM — ^~ 

UnObjective students win draw 
conclusions about blomass as a source of 
en^srgy produced from weeds. 




Materials & Prp<;edure Clues 

Identify an area where you and your students 
can gather a local weed. 
You may wish to send a small group of 
studetits to gather weeds for the entire class. 

An acre contains 4085 square meters. 



J V 



Concept . '-^ { 

Weeds produce biomaQS and are a source of energy* 




Background 

^here is ongoing experimentation with using weeds as a source of fuel. Methane gas Is produced 
when anaerobic bacteria digest blomass material. It is estimated that one acre of kudzu, when 
converted to methane gas, would heat and eool a four-person home for one yeqir. 

Cutting and collecting the Weeds makes the blomass-derived metharie gas very expensive 
compared to natural g&s. Using weeds which need to be cleared, such as waterweeds which clog 
waterways, might be more economical for methane production, especially as t|ie cost of natural.^as 
continues to rise. ' , ♦ 

Note: If sunlight Is not available, dry the plants by placing them In a warm oven or under a lamp. 




Precautions 

Watch out for poison Ivy! 



C Results . 

Generally, the weight loSs ranges from 40 to 60 
percent le€a.than the original weight. 



Strategies 

Before: DIscmss measuring techniques. 

After: Discuss summary question. 

Calculate the wiSlght of one acre of the 
weed. 



to 
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pay 5--0bJect Ives : (1) Olsduss the effects of light In 
I * produc I ng b lomass . 

(2) Discuss the effect of plant 

nutrients In producing blomass. 

Materials: Seedlings (radish and beans), metric 
ruler, balance scale, paper towels, 
tongue depressors. ! 

t 

Method; Refer to strategies In Blomass | 

I 

Have students discuss and compare %he methods 
and nut r I ents"* used In the growth of th«lr 
• rad I shes . ' 

Home-work ass lgnment--have students wr,lte 
a paper on "How Blomass Will Be vUsed In 
^ the Year'.20a0 to Supplement Our Energy 
Needs". * 

*Note: Dry the. bean seedlings In sun until 
. crisp over weekend. Weigh again on 
Monday. Discuss summary questions. 



4 t. 
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Day 6- -Ob J ect I ve : Blomass Is an Indirect source of^solar 

energy. 

Jflaterlal: Dried seedlings^ balance scale* 

Met hod : '^^H.. Wei g h d r I ed seed 1 I ng s . 

2. Discuss v/hlch plants produced most blomass.. 
3» Award students with the largest radishes . 

blue r I bbons . 
A* Teacher discusses the pros and cons of 
blomass as an alternative energy. . 

5. Teacher collects and reads aloud some . 
students' homewor^< as s Ig nmen t , "How Blomass 
Will Be Used In the Year 2000 to Sttp^le- 
ment Our Energy Needs". 

6. Teacher discuss the progress that h^s 
been mad^eyr ln blomass research. * 

7. Summar I ze t he future of blomass energy. 
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